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For information regarding this article, E-mail: wcheckl1@jhmi.edu Objective: Hospital-level variations in structure and process may affect clinical outcomes in ICUs. We sought to characterize the organizational structure, processes of care, use of protocols, and standardized outcomes in a large sample of U.S. ICUs. Design: We surveyed 69 ICUs about organization, size, volume, staffing, processes of care, use of protocols, and annual ICU mortality. Setting: ICUs participating in the United States Critical Illness and Injury Trials Group Critical Illness Outcomes Study. Subjects: Sixty-nine intensivists completed the survey. Measurements and Main Results: We characterized structure and process variables across ICUs, investigated relationships between these variables and annual ICU mortality, and adjusted for illness severity using Acute Physiology and Chronic Health Evaluation II. Ninety-four ICU directors were invited to participate in the study and 69 ICUs (73%) were enrolled, of which 25 (36%) were medical, 24 (35%) were surgical, and 20 (29%) were of mixed type, and 64 (93%) were located in teaching hospitals with a median number of five trainees per ICU. Average annual ICU mortality was 10.8%, average Acute Physiology and Chronic Health Evaluation II score was 19.3, 58% were closed units, and 41% had a 24-hour in-house intensivist. In multivariable linear regression adjusted for Acute Physiology and Chronic Health Evaluation II and multiple ICU structure and process factors, annual ICU mortality was lower in surgical ICUs than in medical ICUs (5.6% lower [95% CI, 2.4-8.8%]) or mixed ICUs (4.5% lower [95% CI, 0.4-8.7%]). We also found a lower annual ICU mortality among ICUs that had a daily plan of care review (5.8% lower [95% CI, 1.6-10.0%]) and a lower bed-to-nurse ratio (1.8% lower when the ratio decreased from 2:1 to 1.5:1 [95% CI, 0.25-3.4%]). In contrast, 24-hour intensivist coverage (p = 0.89) and closed ICU status (p = 0.16) were not associated with a lower annual ICU mortality. Conclusions: In a sample of 69 ICUs, a daily plan of care review and a lower bed-to-nurse ratio were both associated with a lower annual ICU mortality. In contrast to 24-hour intensivist staffing, improvement in team communication is a low-cost, process-targeted intervention strategy that may improve clinical outcomes in ICU patients. (Crit Care Med 2014; 42:344-356) Key Words: intensive care unit administration; intensive care unit management; intensivist; process; protocols; structure C aring for the critically ill is a resource intensive process that requires a specialized clinical team and real-time monitoring to provide life-sustaining interventions. In the United States, each day of intensive care costs on average 3,500 U.S. dollars and ICUs account for 13% of hospital costs, 4% of the national health expenditures, and approximately 1% of the gross domestic product (1, 2) . Clinical outcomes vary substantially between ICUs (3-6), which can be attributed to heterogeneous patient case-mix and differences in organizational structure and processes of care within an ICU. With the increasing demand and cost of critical care worldwide, it is important to understand the organizational characteristics and process of care variables associated with optimal outcomes and costs.
Recently, it has been recognized that both organizational structure (i.e., the conditions under which patient care is provided) and processes of care (i.e., activities that constitute patient care) in an ICU directly influence clinical outcomes and are an important platform for care improvements. Structuredriven factors previously shown to be associated with clinical outcomes include the type of ICU (7, 8) , hospital and ICU case volume (3) (4) (5) , open or closed ICU format (6, 9, 10) , 24-hour presence of an intensivist (11) (12) (13) , nurse staffing (14) (15) (16) (17) , and staff workload (18) . Several of these characteristics are resource intensive (e.g., 24-hr intensivist staffing or higher ratio nurse staffing) or immutable (e.g., case volume or type of ICU). Processes of care frequently involve disease-driven interventions, such as lung protective ventilation and conservative fluid management strategies for acute respiratory distress syndrome (19, 20) , and early goal-directed therapy for sepsis (21) . Process-driven interventions offer a potentially cost-effective alternative to reduce practice variation and improve clinical outcomes across ICUs. Previous investigations in single-center studies have demonstrated that the use of a standardized protocol versus physician-directed assessment (i.e., usual care) of spontaneous breathing trials alone (22) or in combination with a spontaneous awakening trial (23) resulted in better patient outcomes. Similarly, another investigation in a singlecenter study found that use of a daily plan of care checklist was associated with 50% decrease in length of stay (24) .
In this study, we sought to characterize the heterogeneity in organizational characteristics in a sample of 69 ICUs in the United States, identify variations in processes of care and use of protocols, and describe the ecological association between these variables and annual ICU mortality.
MATERIALS AND METHODS

Study Design
The United States Critical Illness and Injury Trials Group Critical Illness Outcomes Study (USCIITG-CIOS) has been described in detail elsewhere (25) . Briefly, CIOS is a large prospective observational study of ICU patients. Participating investigators were selected from a range of institutions participating in USCIITG. CIOS was conducted in two stages. In the first stage, participating investigators were asked to complete a standardized questionnaire about physician and nurse staffing, number of beds and case volume of the hospital and study ICU, processes of care including rounding practices and use of protocols, and the most recent annual reported ICU mortality for the study ICU. After recruitment into the study but before enrollment of individual patient data, investigators were asked to first complete this standardized questionnaire regarding ICU structure and process. All investigators were given a www.ccmjournal.org February 2014 • Volume 42 • Number 2 manual of operations that provided definitions for each potential answer (online supplement, Supplemental Digital Content 1, http://links.lww.com/CCM/A723). This standardized questionnaire was also pilot tested at a couple of our facilities and independently validated by our study staff prior to use. Furthermore, once completed, each standardized questionnaire was individually reviewed by the principal investigator, and the responses were discussed with individual investigators over the telephone. We chose to use annual ICU mortality for this study because it is a highly reliable standardized metric used at most hospitals. With the exception of Acute Physiology and Chronic Health Evaluation (APACHE) II data, which is not a commonly available quality metric collected by hospitals or ICUs, we limited our analyses to data collected in the first stage of CIOS (i.e., structural questionnaire). We obtained the average APACHE II score for each ICU from individual patient data collected prospectively in approximately 100 patients per ICU. We instructed investigators to enroll all newly admitted patients on randomly chosen days, with 5-10 days between enrollments to allow for patient turnover (25) . CIOS was approved by the ethics review boards of all participating institutions.
Definitions
We defined an intensivist as a physician who is board-eligible or board-certified in Critical Care Medicine, board-certified in Emergency Medicine and completed a Critical Care fellowship in an accredited program, or board-certified in Medicine, Anesthesiology, Pediatrics, or Surgery who completed training prior to the availability of Critical Care Medicine certification and who provides at least 6 weeks of full-time ICU care annually since 1987. We defined an ICU as open if any credentialed physician could admit and manage a patient in the unit and semiopen if any credentialed physician could admit to the unit, but an automatic critical care consult occurred if certain variables such as expected length of stay are exceeded. The type of ICU was medical if it managed exclusively medical or cardiac patients; surgical if it managed only surgical, cardiothoracic, trauma, burn, or neurosurgical patients; and mixed if it managed both medical and surgical or neurology patients. We defined a trainee as either a resident or fellow. We categorized case volume as high or low according to the median number of annual ICU admissions and bed capacity as high or low according to the median number of ICU beds. We considered an ICU as having a daily plan of care review if it either had a checklist for daily goals of care or if the attending physician reviewed the plan of care with the charge nurse. We defined rounds as multidisciplinary if it included at least two other clinical specialties beyond the ICU physician and nurse.
We defined a protocol as a precise and detailed plan for a regimen of therapy, which included a set of guiding rules initiated by a physician order or included as part of standing orders during admission. We grouped protocols into the following categories: pulmonary and ventilator management bundle (lung protective ventilation, weaning, and ventilator-associated pneumonia prevention), infection control bundle (sepsis treatment, rapid antibiotic use, stress ulcer prevention, catheter placement, oral hygiene, and ventilator-associated pneumonia prevention), nutrition bundle (nutrition and glucose control), thromboembolism management bundle (deep vein thrombosis prevention and venous thromboembolism), delirium management bundle (delirium assessment and delirium treatment), sedation management bundle (daily discontinuation of sedation or other sedation protocol), neuroprotective bundle (stroke treatment, acute brain injury, intracerebral hemorrhage, and hypothermia after acute cardiac arrest), and transfusion management bundle (massive transfusion or transfusion restriction). We defined a protocol with a high requirement for a physician order if more than 75% of the ICUs in the study required a physician order to initiate a protocol.
Biostatistical Methods
We summarized structure and process variables stratified by type of ICU. In unadjusted analysis, we compared proportions across types of ICU using Fisher exact tests and compared continuous variables across types of ICU using one-way analysis of variance as appropriate. We used multivariable linear regression adjusted to determine structure and process factors associated with annual ICU mortality adjusted for the APACHE II at each center. Specifically, the multivariable linear regression model included the following variables: average APACHE II score, ICU type, case volume, bed capacity, 24-hour intensivist coverage, bed-to-nurse ratio, trainee-to-bed ratio, ICU organization (open vs closed), computerized order entry, daily plan of care review, multidisciplinary rounding, and use of protocols guiding management of electrolytes, mobility, codes, neuroprotection, delirium, and transfusions. We selected these variables a priori based on biological plausibility and previous research. We did not include protocol bundles that were ubiquitously used across ICUs (> 97%), such as pulmonary and ventilator management, infection control, nutrition, and thromboembolism management protocols. For example, 68 centers (99%) had the lung protective ventilation, weaning, or ventilator-associated pneumonia prevention protocols, that is, the pulmonary and ventilator management bundle. Due to the high number of covariates included, which can increase the risk of overfitting, we also conducted sensitivity analyses examining the association between each of the structure and process variables and annual ICU mortality, adjusted only for average APACHE II score and ICU type. Although all structure and process data were complete, 11 ICUs were missing average APACHE II scores. We therefore used multiple imputation analysis to perform multivariable linear regression to a total of 20 imputations. In sensitivity analyses, the use of 50 and 100 imputations did not affect the results (online supplement, Supplemental Digital Content 1, http://links.lww.com/CCM/A723). Additional exploratory analyses demonstrated reasonable ranges for the imputed values. As a further sensitivity analysis, we conducted a multivariable linear regression in which we excluded the 11 ICUs without average APACHE II scores and found that the point estimates were similar (online supplement, Supplemental Digital Content 1, http://links.lww.com/CCM/A723). Finally, since a large percentage of centers only contributed data for one or two ICUs of 
RESULTS
Hospital Characteristics and Utilization
We approached 94 ICU directors in the United States and 69 (73%) agreed to participate in the study. All 69 participating investigators completed the structure and process form for their ICUs without any missing data. A total of 25 hospital centers contributed data for one ICU only, 10 centers contributed data for two ICUs, five centers contributed data for three ICUs, one center contributed data for four ICUs, and one center contributed data for five ICUs. The median number of ICUs per hospital center was 1. We summarized hospital characteristics and demographics in Table 1 . Briefly, 25 ICUs (36%) were medical, 24 (35%) were surgical, and 20 (29%) were of mixed type. Average annual ICU mortality was 10.8% (median, 9%); average APACHE II score was 19.3 (median, 19.1); 64% of hospitals were private nonprofit and 18% were nonfederal public. Eighty percent were located in urban centers; 93% had a resident training program and 83% had a critical care training program; 90% had electronic patient records and 81% had computerized patient order entry.
Staffing, Organization, and Rounding Practices
We summarize staffing, organization, and rounding practices in Table 2 . Overall, 100% of participating ICUs had attending intensivists, 100% had a medical director and 99% had a nurse manager, 58% were closed units, and 41% had 24-hour intensivist coverage. Mean bed-to-nurse ratio was 1.8:1 (median, 1.7:1), mean number of critical care trainees was 5.9 (median, 5; range, 0-29), and 4% had electronic ICU coverage. Multidisciplinary rounds were performed in 41% of units but included palliative care in only 7% of ICUs. Nurses performed delirium assessment while charting in 67% of ICUs and 87% conducted a daily plan of care review.
Protocols
The median number of protocols was 19 for all ICUs (Table 2) , and 93% of the ICUs had 10 or more protocols in place. We summarized the availability of protocols and need for a physician order to initiate the protocol rules in Table 3 . Pulmonary and ventilator management, infection control, nutrition, and thromboembolism management protocols were ubiquitous with 97-99% coverage across ICUs. Neuroprotective and sedation management protocols were also very common with 84% and 86% coverage, respectively. In contrast, only 36% of ICUs had early mobility protocols, 55% had transfusion management protocols, 57% had acute coronary syndrome protocols, 62% had delirium management protocols, and 81% had electrolyte protocols in place. When we examined individual protocols, only 48% used a rapid antibiotic protocol and 48% had a palliative care protocol, and these were consistently low across all types of ICUs. Most protocols had a high requirement (i.e., > 75%) for a physician order ( Table 3) . Examples of specific protocols with a lower requirement for a physician order included such as catheter placement, ventilator-associated pneumonia prevention, oral hygiene, daily interruption of sedation, both delirium assessment and treatment, and Advanced Cardiovascular Life Support/Critical care code.
Structure and Process Factors Associated With ICU Mortality
In single variable analyses, both APACHE II score and type of ICU were associated with annual ICU mortality as were several structure and process variables (first column of Table 4 ). Several of these relationships, however, were likely confounded by severity of illness, type of ICU, or other factors, and most of the associations found in single variable analyses became nonsignificant in multivariable analyses (second and third columns of Table 4 ). In multivariable linear regression adjusted for average APACHE II score among other organizational characteristics, annual ICU mortality was lower in surgical ICUs than in medical and mixed ICUs (third column of Table 4 ). In addition, we found that the adjusted annual ICU mortality was lower among ICUs that had a daily plan of care review (5.8% lower than having no daily review; 95% CI, 1.6-10.0%) and a lower bed-to-nurse ratio (1.8% lower when the ratio decreased from 2:1 to 1.5:1; 95% CI, 0.25-3.4%). In contrast, 24-hour intensivist coverage and closed ICU status were not associated with a lower annual ICU mortality. In sensitivity analyses examining structure and process factors in models adjusting only for severity of illness and ICU type, results were similar to those found in the full multivariable model with a few exceptions: the association between bed-to-nurse ratio and mortality was less robust, and associations between electrolyte and mobility protocols and mortality became significant when adjusting only for average APACHE II and ICU type.
DISCUSSION
Our study identified substantial heterogeneity in both ICU organizational structure and processes of care across 69 centers in the United States, most of which were located in teaching hospitals. Although annual ICU mortality varied by type of ICU, the primary factors that were strongly associated with a lower ICU mortality were improved daily team communication strategies and a lower bed-to-nurse ratio. We did not find that 24-hour attending intensivist staffing (vs fewer attending hours) or a closed ICU format (vs open) was associated with a lower annual ICU mortality in the USCIITG-CIOS cohort. We identified that daily team communication strategies was a process-driven factor associated with a lower ICU mortality in the 69 participating centers, after adjusting for case volume, utilization, severity of illness, type of ICU, and other organizational factors. In our study, more than 25% of ICUs reported either not having a checklist for daily goals of care or not having a daily meeting between the attending intensivist and charge nurse to discuss the plan of care. This proportion may be higher in community hospitals; however, we do not have data to substantiate this statement as more than 92% of participating ICUs were in teaching hospitals. Improved team communication via a daily meeting or checklist is a modifiable process-driven factor that is simple and cost-effective and is associated with improved clinical outcomes (11, 26, 27) .
The ratio of beds to nurses was a structure-driven factor that was associated with a lower ICU mortality in multivariable analysis. Our study is in agreement with findings of previous studies and systematic reviews, which identified that a higher number of nursing care hours or a higher relative number of nurses to patients (or beds) was related to improved clinical outcomes (14) (15) (16) (17) 28) . An increase in nursing staff is costly and may be challenging for some centers, especially those with limited resources (e.g., safety net and critical access hospitals). Furthermore, intensive care nursing requires a high level of qualifications and competencies (29) and is associated with a high rate of burnout, each of which contribute to nursing shortages to adequately cover the growing demand for critical care. Thus, although nurse staffing may be important to achieve optimal clinical outcomes, it is constrained by both financial and workforce limitations.
Our study did not confirm previous findings that the presence of a 24-hour intensivist was associated with improved clinical outcomes (11) (12) (13) 30) . A large number of the previous studies, however, were single-center based, whereas our study summarizes information across 69 ICUs using a standardized survey. It seems likely that as the majority of our ICUs were located in teaching hospitals with critical care trainees, this may obscure the impact of 24-hour intensivist staffing. Our findings were consistent with a recent cross-over trial of two intensivist staffing models in Manitoba which found no difference in hospital mortality with greater intensivist staffing (31) and with a recent retrospective study which found that addition of nighttime intensivist coverage was not associated with a reduction in mortality in ICUs with high-intensity daytime staffing (32) . A closed ICU format was also not associated with a lower annual ICU mortality and counters previous studies (8) (9) (10) 33) . One potential explanation for this difference is this ICU cohort was highly managed (100% of ICUs were covered by a medical director and 99% had a nurse manager) and included a large number of protocols, both likely decreasing practice variation across admitting nonintensivist trained physicians.
Limitations of our study include a modest sample of participating ICUs in the United States, limited representation of community hospitals, use of standardized annual ICU mortality as the outcome, and voluntary participation by ICU directors. We did not collect any information in nonparticipating ICUs to evaluate the potential risk of a self-selection bias in our sample. Another potential shortcoming is that our findings may not be generalizable to all hospital ICUs, especially to those found in community hospitals. Our findings are based on a sample of hospitals participating in USCIITG, which is primarily composed of leading academic institutions and university hospitals from around the country. Several structure and process variables may be different in our sample of ICUs versus those in community hospitals: such as the median number of ICU beds (84 beds), hospital locations (80% found in urban settings), a large number of available protocols (median of 19 per ICU), the ubiquitous presence of electronic patient records (90%), and a high number of median number of ICU trainees (five trainees per ICU). Similar process and structure relationships still need to be studied in community hospitals which are markedly different in terms of staffing characteristics, protocol utilization, patient case-mix, and ICU resource availability. Several of these factors may limit the generalizability of our findings. Furthermore, our sample size may also affect both the effect size and significance of our findings; however, the association between improved daily team communication and bed-to-nurse ratio and annual ICU mortality were relatively robust in both single variable and multivariable analyses. Although we based our analysis on reported annual ICU mortality, we believe that this reported value is quite robust as this is a common statistic measured and used by hospital units and it summarizes mortality using a denominator of thousands of patients seen over a 1-year period. Thus, the use of annual reported ICU mortality may provide a more precise estimate of the actual mortality in any given ICU. Annual ICU mortality is a standardized metric; however, factors beyond ICU care such www.ccmjournal.org as hospital throughput and transfer practices can influence this metric. For example, the Critical Care Societies Collaborative has recommended that ICU mortality, even when risk-adjusted, not be used to evaluate ICU quality or performance. Instead, measures such as 30-day mortality or duration on mechanical ventilation can more reliably indicate quality. There are other clinically important endpoints, such as ICU length of stay, ventilator-free days, case, and severity adjusted cost of care, that did not examine in this report but which could also be affected different structural and process of care variables. Although we had complete structure and process data for participating ICUs, we had to use multiple imputation analysis because 11 ICUs (16%) were missing average APACHE II scores. However, in sensitivity analyses, we found that the multiple imputation and case-deletion approaches yielded similar point estimates for the variables under study. We chose to report the results of multiple imputation analysis because it will result in less biased estimates under the assumption of missing at random than a case-deletion approach. The fact that APACHE II was not associated with ICU mortality in our multivariable analysis may be due to sample size, potential unmeasured confounders, or lack of APACHE II calibration for contemporary ICU outcomes. It is also possible that the structural and process factors examined in this study were unaccounted in the original APACHE II derivation, and their inclusion in our study mitigated the predictive power of APACHE II. Finally, we did not collect the period of time in which APACHE II score were obtained at each center. Therefore, it is possible that variations in the data period collection may influence the average severity of illness measured across ICUs.
Our study also has significant strengths. We used a standardized questionnaire supported with a manual of operations that standardized the definitions of our structure and process variables, which were then individually checked for consistency by study staff. Second, our study directly obtained comprehensive structure and process information from multiple geographically and organizationally disparate ICUs, and it is one of the first aimed to investigate the effects of multiple process-driven factors on clinical outcomes independent of other organizational factors in the ICU and utilization such as case volume. Third, we also aimed to include a similar number of medical, surgical, and mixed ICUs to capture the full spectrum of critical care services.
Increasing evidence points to the importance of organization, structure, and process within an ICU in the management of critically ill patients (33) (34) (35) (36) (37) (38) (39) (40) . Heterogeneity in structure and process can contribute to practice variation and, in turn, affect clinical outcomes across ICUs, and it provides a unique opportunity to implement structure-and processdriven interventions to test whether clinical outcomes can be improved. Our results suggest that heterogeneity in both structure and process and type of ICU (medical vs surgical vs mixed) may play an important confounding or effect-modifying role in the interpretation of multicenter observational studies in critical care. We recommend that future observational studies that involve multiple ICUs collect both organizational structure and process data for adjustment in multivariable analyses.
In summary, we found that better daily team communication and greater nurse staffing were associated with patient-related outcomes in ICUs; these ICU structure and process factors are amenable to intervention. In particular, improvement in team communication is a low-cost process-targeted intervention that may improve clinical outcomes in ICU patients.
